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SYNTHETIC SPEED STABILITY FLIGHT 
CONTROL SYSTEM 

FIELD OF THE INVENTION 

The present invention relates to ?ight control sys 
tems, and more particularly to a system which includes 
a speed stability subsystem for maintaining speed stabil 
ity. for an inherently unstable aircraft, perturbations 
notwithstanding. 

BACKGROUND OF THE INVENTION 

Conventional aircraft exhibit speed stability due to 
inherent physical characteristics. An aerodynamically 
stable airframe with stationary control surfaces will 
tend to maintain a constant angle of attack. The pilot 
controls the aircraft about the pitch axis by adjusting 
the angle of a control surface relative to the airstream. 
This causes the aircraft to ?y at different angles-of 
attack, which results in aircraft speed changes. 
The tendency of an aircraft to ?y at a constant angle 

of-attack with ?xed controls may be termed angle-of 
attack stability. Consider now an aircraft in level ?ight 
at constant speed and angle-of-attack with the engine 
thrust, weight, lift and drag forces in balance. Nor 
mally, such an aircraft will speed up or slow down, 
respectively, with forward or aft control stick de?ec 
tion and will return to the original speed when the 
control stick is returned its original position. Also, if the 
thrust is increased slightly, the aircraft will accelerate, 
causing increased lift and drag. This results in a climb. 
Eventually, equilibrium conditions consisting of a 
steady climb rate with the forward speed approximately 
equal to the initial speed will be reached. These tenden 
cies of an aircraft to return to the initial speed when 
disturbed are termed speed stability. This speed stability 
is usually manifested as an oscillatory interchange of 
potential and kinetic energies called the phugoid mode. 
If the phugoid mode damping is positive, speed stability 

- exists. 

Modern aircraft designs have included inherently 
unstable aircraft. To stabilize such an aircraft and give it 
properties similar to an aircraft with inherent aerody 
namic stability requires an aircraft motion feedback 
loop and the use of reliable full authority ?y-by-wire 
(FBW) ?ight control systems. However, such FBW 
systems may not exhibit angle-of-attack stability. In 
addition, typical FBW control systems utilize rate gyros 
and accelerometers to provide the arti?cial stability 
augmentation. Such systems cause the aircraft to hold a 
constant pitch angular rate and constant normal accel 
eration, rather than a constant angle-of-attack. In other 
words, these systems can give excellent handling quali 
ties for maneuvering ?ight, but do not provide the long 
term speed stability of a conventional aircraft. Such 
lack of speed stability is undesirable in certain circum 
stances. For example, on approach to landing, the speed 
of the aircraft has to be low. As a consequence, it is 
being operated close to stall speed and a further loss of 
speed could result in a stall. Hence, speed stability is 
desirable because it requires increasing the back pres 
sure on the pitch control stick when the aircraft slows, 
in order to maintain a straight, constant ?ight path. This 
cues the pilot to the unsafe condition. 
A considerable body of prior art which teaches the 

use of airspeed feedback loops in aircraft control appli 
cations exists. However, none of the prior art addresses 
the speed stability augmentation for full authority FBW 
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2 
?ight control systems or for control of unstable air 
frames. A case in point is US. Pat. No. 3,624,364 issued 
to Dommasch. In there, the use of airspeed feedback 
operating through a mechanical clutch is disclosed. 
However, the Dommasch invention appears to be di 
rected to the stabilization of an aircraft when pilot in 
puts are‘ not present, since the clutch needs to be disen 
gaged if the pilot is to control the movement of the 
aircraft. Further, the Dommasch system is not intended 
to function in conjunction with other vehicle motion 
sensor feedbacks. 

BRIEF DESCRIPTION OF THE PRESENT 
INVENTION 

The present invention overcomes the aforesaid prob 
lems by providing a speed stability subcontrol system 
for providing a reference airspeed signal to the full 
?ight control system for commanding the pitch control 
surface or surfaces of the aircraft. By means of the pitch 
command, the aircraft is caused to pitch down if the 
speed is too slow. Also included in a preferred embodi 
ment of the present invention is a trim network which 
permits the adjusting of the reference airspeed. 

It is, therefore, an object of the present invention to 
provide a speed stability subsystem for maintaining the 
angle-of-attack stability (or speed stability) of an inher 
ently unstable FBW controlled aircraft. 

It is a further objective of the present invention to 
provide a speed stability subsystem for maintaining the 
speed at which an aircraft was originally set to ?y. 

It is yet another objective of the present invention to 
provide for the pilot of an aircraft a trim function such 
that the actual reference speed can be altered within a 
certain predetermined range. 
The above-mentioned objects and advantages of the 

present invention will become more apparent and the 
invention itself will be best understood ‘by reference to 
the following description of an embodiment of the in 
vention taken in conjunction with the accompanying 
drawings, wherein: 

BRIEF DESCRIPTION OF THE FIGURES 
FIG. 1 is a schematic illustration of an inherently 

unstable aircraft incorporating the speed stability sub 
control system of the present invention; 
FIG. 2 is a block diagram of the ?ight control system 

which has as one of its inputs the output of the speed 
stability subcontrol system; and 
FIG. 3 is a block diagram of the speed stability con 

trol subsystem of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 schematically illustrates an aircraft 2 having a 
speed stability ?ight control subsystem 4 connected to a 
main ?ight control system 6. Within the speed stability 
subcontrol system 4 is attitude reference unit 8 which 
senses the pitch and roll angles of the aircraft, converts 
these angles into corresponding signals and feeds these 
signals into speed stability control subsystem 12. Main 
?ight control system 6 and speed stability control sub 
system 12 are shown as being separate entities, for pur 
poses of illustration, but may in fact be part of a single 
?ight control computer system. Into speed stability 
control subsystem 12 are also sent the equivalent air 
speed, which is obtained from air data source 14, and 
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pilot command 18. A trim input 16 provides a signal to 
bias the equivalent airspeed, before the latter is sent into 
speed stability control subsystem 12. An output from 
speed stability control subsystem 12 is sent to main 
?ight control system 6, which is described hereinbelow 
in FIG. 2. 
FIG. 2 shows the ?ight control system which is illus-. 

trated in FIG. 3 of co-pending application: Flight Con 
trol System Employing Complementary Filter, Ser. No. 
797,089. Flight control circuit 6 is used to drive strake 
actuator 22, ?ap actuator 24 and canard actuator 26 of 
aircraft 2. The inputs with which the actuators are acti 
vated comprise the following: a pitch rate signal qm 
obtained from a gyro (not shown) is multiplied by gain 
Kq through ampli?er 36; a vertical acceleration signal 
n; is multiplied by gain K”, through ampli?er 34; a com 
plementary ?lter output signal ('1, is multiplied by gain 
K‘; through ampli?er 38; and a pilot stick input 28 is 
multiplied by gain K3, in ampli?er 30. The output signals 
from ampli?ers 36, 34 and 38 are summed and fed to a 
lead/lag ?lter 40. The output signal from the lead/lag 
?lter 40 is summed with the output signal from ampli?er 
30 at point 32. The output signal from point 32 is inte 
grated by integrator 42, while simultaneously being 
ampli?ed by ampli?er 44 having a gain K1,. The result 
ing signal at 46 is then sent in parallel to ampli?er 48 and 
50 and multiplied respectively by gains KS and Kf. The 
output signals from ampli?ers 48 and 50 are used to 
drive respective strake actuator 22 and ?ap actuator 24. 
The remaining canard actuator 26 is driven directly by 
the signal on line 46. An output 86 representative of 
canard angular position from canard actuator 26 is fed 
to a complementary ?lter 52, having as an additional 
input the pitch signal q,,,. The complementary ?lter 52 is 
discussed in the aforesaid co-pending application. 
An additional feature in FIG. 2 which was not shown 

previously and which encompasses the present inven 
tion is the input signal 54 going into summation point 55. 
Signal.54 is fed from the output of speed stability ?ight 
control subsystem 4, shown in FIG. 3. The speed stabil 
ity ?ight control subsystem, the implementation of 
which is shown in FIG. 3, allows an inherently unstable 
aircraft to maintain a phugoid stability during cruising 
?ight. 
To maintain the angle-of-attack stability of an aircraft 

in a substantially level ?ight, an equivalent airspeed 
signal EAS is needed. The EAS signal eliminates the 
differences in pressure and altitude of the aircraft and 
can be obtained by a number of means. For the present 
invention, the EAS signal is obtained from an air data 
source, and is stored in a memory of the digital com 
puter. For example, a speci?c EAS signal relating to the 
aircraft ?ying at Mach 1 at sea level can be obtained 
from the air data source. The obtained EAS signal is 
sent to limiter 60, which sets operating limits around the 
engaged point of the equivalent airspeed. Thus set, 
limiter 60 allows the pilot to override the system within 
a certain predetermined range, thus enabling the pilot to 
have the ?nal say within that predetermined range. The 
limited EAS signal is sent to switch 62 which, as drawn, 
shows the speed stability circuit being engaged. (Switch 
62 would be connected to point 62B if the speed stabil 
ity circuit is not engaged). When switch 62 is connected 
to point 62B, EAS signals are fed continuously to line 
64. When switch 62 is disconnected from point 62B and 
connected to point 62A, no more EAS signals are fed to 
line 64. Thus, line 64 holds the last EAS signal it has, 
and this EAS signal becomes the reference equivalent 
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speed signal VREF, which circulates around feedback 
loop 66 once every fourth iteration cycle of the com 
puter because these computation are performed once 
during each four iterations. The VREF signal is fed to 
summer 68 and is subtracted from the EAS signal going 
into the same summer via line 70. The output signal of 
summer 68 represents the error between the aircraft 
equivalent airspeed and the reference equivalent air 
speed. This error signal is used to activate the speed 
stability subsystem. The error signal is multiplied by the 
loop gain KG (provided by a look-up table 58) and is a 
function of Mach number and altitude, depending upon 
aircraft design. 

Pitch angle 6 and roll angle d; are two other signals 
which are needed to maintain the aircraft in a. stable 
state for different attitudes. The two angle signals are 
obtained from attitude reference unit 8,.shown in FIG. 
1, which is of conventional design. The analog pitch 
angle 0 is converted into a digital signal by A/D con 
verter 72. The digital 0 signal, after being multiplied by 
a gain K9 at 74, is combined with a cosine function 
through multiplier 76, before being sent via line 78 to 
multiplier 56. Similarly, roll angle (1) is converted from 
an analog signal to a digital signal by means of A/D 
converter 80, multiplied by a gain of K4, at 82 and is 
modulated by a cosine function through multiplier 84, 
before being sent via line 86 to multiplier 56. One of the 
purposes for combining the angle signals by cosine 
functions is to attenuate gradually the effect of speed 
stability when the most acute maneuvering angle, for 
example, 90 degrees, is experienced by the aircraft. A 
second reason for incorporating cosine functions into 
the angle signals is to eliminate the speed stability op 
tion from operating for large excursions in attitude, if 
the aircraft is in an inverted position. Hence, the cosine 
functions in multipliers 76 and 84 provides the neces 
sary information of pitch and roll angles. 
These signals are multiplied together in multiplier 56 

and fed to line 88. As is apparent from the above discus 
sion, the signal coming out of multiplier 56 represents 
the error signal between the aircraft equivalent airspeed 
and the reference airspeed, and the roll and pitch angle 
compensations. This signal is fed to limiter 90, which 
limits the signal within a predetermined range. The 
purpose of limiter 90 is to make sure that the automatic 
speed stability system does not completely overpower 
the action of the pilot. For if the range within limiter 90 
is greater than the physical displacement of the pilot’s 
control stick, then the pilot would not be able to control 
the aircraft even if the stick were fully displaced. Signal 
54 coming out of limiter 90 is fed to point 55 of FIG. 2, 
discussed previously. By incorporating signal 54, ?ight 
control circuit 6 is able to correct the speed of the air 
craft by changing the pitch angle of the aircraft. 

It should be noted that a feedback loop comprising a 
fader 92 and a switch 94 is incorporated into line 88. As 
shown, switch 94 is connected to point 94A, the speed 
stability subsystem thus being engaged. If the pilot no 
longer wants the speed stability subsystem engaged, all 
he needs to do is to connect switch 94 to point 94B. This 
disengages the speed stability subsystem from the main 
?ight control system. Fader 92 comprises a ?rst order 
?lter, and it is used to slowly bring the feedback down 
to zero so that when the pilot switches out of the speed 
stability mode, the aircraft would not experience a tran 
sient. 

In order to ?ne tune the VREF signal, a trim signal 
TRM, which biases the former, is added to the subsys 
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tem. The TRM signal allows the pilot to change the 
actual reference speed signal VREF without having to 
disengage the whole system and re-engaging it at a 
different reference speed VREF. The trim signal is fed 
into the subsystem by means of a trim button located in 
the cockpit. By holding down the trim button, the pilot 
can cause the reference equivalent airspeed to be 
changed. As shown in FIG. 3, the TRM signal is modi 
?ed by ampli?er 96, having a gain of K7. The signal is 
then fed to summer 98, where it is combined with the 
previously entered trim signal which is fed back via 
feedback loop 102 at every fourth iteration cycle of the 
computer. The loop acts as a digital integrator. It holds 
the trim signal when the trim button is not depressed. 
As long as the pilot continuously holds down the trim 
button in the cockpit,‘ the trim signal for adjusting the 
reference equivalent airspeed would continuously in 
crease or decrease in proportion to gain KT, in accor 
dance with the position to which the trim button is 
pushed. Limiter 100 is used to limit the range of the trim 
signal. To disengage the subsystem, switch 104 is 
switched from point 104A to 104B. It should be noted 
that switches 104, 94 and 62 are ganged. Thus, by acti 
vating switch 104, switch 94 is also activated, The 
switches, besides being operated manually by the pilot, 
can also be controlled automatically by digital com 
puter 12 such that if the aircraft is going too slowly, the 
speed stability circuit is automatically engaged. 
While a preferred embodiment of the invention is 

disclosed herein for purposes of explanation, numerous 
changes, modi?cations, variations, substitutions and 
equivalents, in whole or in part, will now be apparent to 
those skilled in the art to which the invention pertains. 
Accordingly, it is intended that the invention be limited 
only by the spirit and scope of the appended claims. 
We claim: 
1. A flight control system including an air data source 

for controlling the angle-of-attack stability of an aircraft 
having at least one control surface, comprising: 
means for obtaining an equivalent airspeed signal of 

the aircraft from an air data source and generating 
a reference signal corresponding thereto; 

means for processing the equivalent airspeed signal 
and the reference signal to generate a synthetic 
speed stability signal; 

means for inputting the synthetic speed stability sig 
nal to actuators of said at least one control surface 
for maintaining the angle-of-attack stability of the 
aircraft in a substantially level ?ight; 

means for sensing pitch angle of the aircraft and gen 
erating a signal corresponding thereto; 

means for sensing roll angle of the aircraft and gener 
ating a signal corresponding thereto; and 

wherein the processing means multiplies the pitch 
angle and the roll angle signals as well as the error 
between the reference equivalent airspeed and the 
equivalent aircraft speed signals to generate a com 
posite synthetic speed stability signal to be input by 
the inputting means to the actuators for maintain 
ing the angle-of-attack stability of the aircraft for 
all attitudes. 

2. A flight control system according to claim 1, fur 
ther comprising: 
means for varying the gain of said processing means 

in accordance with altitude and Mach number. 
3. A ?ight control system according to claim 1 fur 

ther comprising: 
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6 
means for inputting a biasing signal to the reference 

equivalent airspeed signal for establishing a new 
reference signal. 

4. A ?ight control system according to claim 3, 
wherein said biasing signal is a trim signal. 

5. A ?ight control system according to claim 1, fur 
ther comprising: 
means for setting the equivalent airspeed between a 
maximum limit and a minimum limit, thereby en 
abling biasing of the reference equivalent airspeed 
signal within the limits. 

6. The structure set forth in claim 1, wherein the at 
least one control surface comprises an aerodynamic 
pitch control surface. 

7. The structure set forth in claim 1, wherein the 
control surfaces comprise at least one of a strake, a ?ap, 
an elevator and a canard. 

8. A ?ight‘control system including an air data source 
for controlling the angle-of-attack stability of an aircraft 
having at least one control surface, comprising: 
means for sensing pitch angle of the aircraft and gen 

erating a signal corresponding thereto; 
means for sensing roll angle of the aircraft and gener 

ating a signal corresponding thereto; 
means for obtaining an equivalent airspeed of the 

aircraft from the air data source and generating a 
reference signal corresponding thereto; 

means for inputting a biasing signal to the reference 
equivalent airspeed signal for establishing an up 
dated reference signal; 

means for setting the equivalent airspeed between a 
maximum limit and a minimum limit to enable a 
pilot to trim the reference equivalent airspeed sig 
nal-within the limits; and 

means for multiplying the pitch angle, the roll angle, 
and the updated error between aircraft and refer 
ence equivalent airspeed signals to generate a syn 
thetic stability signal for controlling actuators of 
the at least one control surface of the aircraft. 

9. The structure set forth in claim 8, wherein the at 
least one control surface comprises an aerodynamic 
pitch control surface. 

10. The structure set forth in claim 8, wherein the 
control surfaces comprise at least one of a strake, a ?ap, 
an elevator and a canard. , 

11. A ?ight control method for controlling angle-of 
attack stability of an aircraft having at least one control 
surface, comprising the steps of: 

obtaining an equivalent airspeed of the aircraft from 
an air data source and generating a reference signal 
corresponding thereto; 

using the error between aircraft and reference equiva 
lent airspeed signals to generate a ?rst synthetic 
speed stability signal; 

inputting the ?rst synthetic speed stability signal to 
actuators of each of the control surfaces for main 
taining the angle-of-attack stability of the aircraft in 
a substantially level ?ight; 

sensing pitch angle of the aircraft and generating a 
signal corresponding thereto; 

sensing roll angle of the aircraft and generating a 
signal corresponding thereto; and 

multiplying the ?rst synthetic speed stability signal 
with the pitch angle and the roll angle signals to 
generate a composite synthetic speed stability sig 
nal for inputting to the actuators to maintain the 
angle-of-attack stability of the aircraft for all atti 
tudes. 

III * i * i 
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